Tert-butyl alcohol, an important commodity chemical, additive to unleaded gasoline, and contaminant of drinking water, was evaluated for toxicity and was found to enhance nephropathy in male Fischer 344 rats. Because male rats treated with t-butyl alcohol for 2 years had a low incidence of renal cortical tumors, additional renal sections for the 90-day toxicity study were examined for the presence of hyaline droplet accumulation, nephropathy, and evidence of replicative DNA synthesis (S-phase nuclei) to indirectly and retrospectively investigate a possible role of a-2p-globulin in the pathogenesis of the nephropathy. Dose levels for t-butyl alcohol were 0, 0.25, 0.5, 1, 2, and 4% (w/v) administered in drinking water. Significant body weight gain depressions were observed in all treated males, and there was an absolute weight loss in the 4% male group, none of which survived to the end of the study. Except for the 4% dose group, there was a treatment-related increase in hyaline droplet accumulation in the renal proximal tubules with crystalline, rectangular, and rhomboid forms of the protein evident. The severity of nephropathy was enhanced in treated rats, except for the 4% dose group. Replicative DNA synthesis, as measured by immunohistochemical staining for proliferating cell nuclear antigen, was increased in proximal tubules of rats dosed with 2% t-butyl alcohol. It is concluded that tbutyl alcohol exacerbated nephropathy in male Fischer 344 rats and increased renal accumulation of hyaline protein material consistent with a-2p-globulin deposition.
Introduction
Tert-butyl alcohol is a clear liquid or crystalline substance with a camphor-like odor. It is used in the manufacture of drugs, perfumes, paint removers, plastics, lacquers, and oil-soluble polyester resins. In addition, it is a component of industrial cleaning compounds and insecticidal formulations and an important additive to unleaded gasoline (1) .
Preliminary evaluation of the National Toxicology Program 2-year carcinogenesis study of t-butyl alcohol suggested the possibility that there may be an increase in renal tubular neoplasms in male F344 rats treated with 0.5% t-butyl alcohol in drinking water (unpublished observation). This prompted a reexamination of existing kidney slides from the 90-day toxicity study of t-butyl alcohol to determine if there was histologic evidence suggestive of cx-2p1-globulin nephropathy. When such evidence was found in the male rats, it seemed reasonable to resection and more comprehensively reevaluate the kidney tissues from the 90-day study. The presence of an increase in protein droplets in renal tubular epithelial cells along with the occurrence of abnormally shaped cytoplasmic protein deposits is a hallmark of a-2p-globulin nephropathy (2, 3) . Since the proposed mechanism by which a-2p-globulin nephropathy leads to an increase in renal tumors supposedly involves cytotoxicity and secondary enhancement of cell proliferation (3) (4) (5) (6) , we retrospectively examined kidney sections to determine if there was enhanced replicative DNA synthesis as indicated by the presence of S-phase nuclei.
Proliferating cell nuclear antigen (PCNA) is a 36,000 molecular weight protein necessary for polymerase-8 activity associated with DNA replication (7) (8) (9) . PCNA is synthesized late in G1 and is especially abundant in S-phase nuclei of the cell cycle (9) (10) (11) 15 Blocks of formalin-fixed, paraffin-embedded kidneys from all male rats were serially sectioned at 5 pm and stained with hematoxylin and eosin (H&E), Mallory Heidenhain (MH), and Lee's methylene blue basic fuchsin (LMBBF). Proliferating cell nuclear antigen was detected by an immunohistochemical procedure using microwave oven heating (12) . The number of PCNA-positive nuclei was counted from proximal tubule epithelial cells (P1, P2, and P3 segments) in 20 microscopic fields, representing a total of 0.154 mm2 of the cortex and outer medulla. The PCNA-positive nuclei that were counted were specifically of cells in Sphase.
Lesion Grading Criteria. Sections were graded numerically for amount of hyaline droplets in the proximal tubules based on the MH and LMBBF stains. Hyaline droplets scored included 0: droplets occupy 0-5% of the proximal tubule cytoplasm; 1: droplets occupy 6-30% of the proximal tubule cytoplasm; 2: droplets occupy 31-60% of the proximal tubule cytoplasm; and 3: droplets occupy greater than 60% of the proximal tubule cytoplasm.
Abnormally shaped hyaline deposits (crystalline, rhomboid structures) were graded as 0: not found; 1: rare; 2: frequent; and 3: very frequent. Nephropathy was assessed in the H&E sections. All changes represent early stages of nephropathy and lesions were graded as 0: no nephropathy observed: 1 
Results
All males treated with 4% t-butyl alcohol showed body weight loss and died between 5 and 12 weeks of the treatment. A statistically significant depression in body weight gain was observed in the 0.25-2% dose groups. At necropsy, the animals from the 4% dose group had several atrophic organs and occasional calculi in the urinary bladder and urinary tract. Except for one male in the 2% dose group that had calculi in the urinary bladder, no gross lesions were identified in the remaining treated groups (13) .
Histopathological examination revealed a treatmentassociated increase in the quantity of hyaline droplets and the number of intracytoplasmic deposits that were abnormal in shape (crystalline, rhomboid structures) in the 0.25-2% dose groups and a decrease in the 4% dose group (Figs. 1-3 ). These changes were detected only in the proximal epithelial cells of the cortex and outer medulla. Hyaline droplets observed in the control animals were usually small and round, and rarely formed crystals (Fig. 4) . These hyaline droplets were not conspicuous in H&E sections but were clearly demonstrated by MH or LMBBF staining methods.
Nephropathy was exacerbated in male rats in all treated groups (Figs. 1 and 5) as compared with the control, except for the males in the 4% dose group. There was a direct relationship between the increased severity of nephropathy, hyaline droplet accumulation, and deposition of abnormal crystals.
The number of PCNA-stained S-phase nuclei was significantly increased in the 2% dose group; although not statistically significant, a similar increase was also present in the 1% group (Figs. 6 and 7) . In the 4% dose group there was a significant decrease in PCNAlabeled renal tubular epithelial cells when compared to the control.
Discussion
Chemically induced renal cortical tumors have been observed in rats in several studies where the mechanism has been hypothesized to be related to accumulation of a-2p-globulin in the P2 segment of the proximal tubule and subsequent enhanced cell proliferation secondary to cytotoxicity (3) (4) (5) (6) . This proposed mechanism is restricted to male rats that have androgen-dependent synthesis of a-2p-globulin in the liver.
Little is known about nephrotoxicity of t-butanol or other butanol isomers, except the description of moderate and reversible fatty infiltration in the kidneys of mice exposed to the chemical (1) . The in the number and size of hyaline droplets, which were frequently abnormal in shape (crystalline, rhomboid structures). These renal changes in t-butanol-dosed rats were consistent with a-2p-globulin nephropathy. Definitive confirmation of this presumption would require a specific quantitative measurement of a-2ji-globulin in appropriately preserved renal tissue. - 
